The histopathologic and molecular heterogeneity of prostate cancer and the limited availability of human tumor tissue make unraveling the mechanisms of prostate carcinogenesis a challenging task. Our goal was to develop an ex vivo model that could be reliably
Introduction
The clinical and pathologic features used for tumor staging include preoperative prostate-specific antigen (PSA) level, clinical stage, and degree of tumor differentiation (Gleason score) detected at biopsy (1-3). These variables can stratify patients into subgroups differing with respect to outcome after surgery and are widely used to guide clinical decision-making. Because of PSA-based cancer detection, patients are often presenting with PSA values and Gleason score within a low narrow range, suggesting an organ-confined disease. However, more than one-third of patients will relapse, showing that this is not always the case. Consequently, these variables are losing their discriminatory power, creating the need for novel diagnostic and prognostic markers.
Because the initiation and progression of prostate cancer involves multiple changes in gene expression, cDNA microarray technology has been recently used to identify diseaserelated gene expression patterns in prostate samples (4) (5) (6) (7) (8) . This approach has detected alterations in several candidate genes associated with prostate cancer progression (9) . However, there is not yet a definitive molecular classification that can predict consistently and reliably the clinical behavior of prostate cancer. Inconsistencies among reported prostate cancer gene expression signatures could be attributed at least in part to the fact that most of these analyses were done using bulk tissue samples that, in addition to neoplastic cells, contain many other cell types, such as epithelial, stromal, endothelial cells and infiltrating lymphocytes. To circumvent this technical problem, we have analyzed RNA samples prepared from early passages of primary cultures highly enriched in epithelial cells that display a secretory phenotype and are derived from explants of prostate cancer tissue obtained at the time of surgery. The expression profile of the cancer cells consistently revealed elevated transcription of many genes known to be important in prostate carcinogenesis. These results have allowed us to identify an epithelial-restricted transcription profile that can be integrated with the grade and clinical information, with the aim of discriminating indolent and aggressive prostate tumors with histologically similar features.
Results

Isolation of Prostate Epithelial Cultures
To derive epithelial cultures from fresh samples of prostate, we collected surgical specimens from 59 patients undergoing radical prostatectomy or cystoprostatectomy because of benign prostatic hyperplasia, prostate cancer, or bladder carcinoma. These patients were selected from a total of 88 presenting to the Urology Division, Regina Elena Cancer Institute, between July 2002 and November 2003. Twenty-nine patients that received neoadjuvant hormonal treatment or had metastatic disease were excluded. The diagnosis and Gleason score were determined in each case by routine surgical pathology work-up. The characteristics of the study group are detailed in Table 1 .
Tissue fragments were placed in growth medium and allowed to attach to the surface of culture dishes. From each prostate, samples were obtained from normal and tumor tissue. Small epithelial outgrowths appeared within 1 week exclusively from areas confirmed by histology to contain neoplastic tissue. In several cases of bilateral tumor, we obtained two cultures from the same patient. Only 1 of 8 samples (N1) of normal prostate (surgically removed because of bladder carcinoma) grew in culture, whereas we successfully derived two cell strains from benign prostatic hyperplasia (C10 and C17) and one from a contralateral normal tissue characterized by the presence of prostate intraepithelial neoplasia (C16sx). Cultures from normal/hyperplastic tissue (N1, C10, C17, and C16sx) and cancer had similar growth rate (10, 11) . Importantly, all cultures had limited life span (20-25 population doublings) and similar cell morphology, as described (12) . Cells were elongated and formed tight, cohesive islands (data not shown). Unlike normal and hyperplastic cells, cultures derived from tumors were capable of colony formation and anchorage-independent growth ( Fig. 1A and B) . As the tumor of origin, they exhibited loss of 8p21-22, a commonly deleted region in early-stage disease that includes the homeobox gene NKX3.1 whose expression decreases with cancer progression (Fig. 1C; ref. 13 ). No such genetic alteration was detected in 4 of 4 nonmalignant prostate tissues (data not shown). In keeping with our selection of relatively early-stage carcinomas, fluorescence in situ hybridization analysis also revealed that prostate cancer tissues and cell strains had not undergone loss of PTEN or other genetic alterations commonly associated with more advanced disease (e.g., amplification of MYC, EGFR, or AR; Fig. 1C [2] [3] [4] [5] [6] [7] [8] . hTERT mRNA was detected in most (24 of 27) of the samples regardless of their origin (benign versus malignant-derived cells), but expression levels were greatly variable. Telomerase activity was not detected in control populations, whereas it was present in the vast majority of tumor-derived cultures (prostate cancer) but to variable degrees. Although, as expected, cells lacking hTERT mRNA were negative by telomeric repeat amplification protocol, the reverse was not true because control populations were positive for mRNA but not enzymatic activity. Lastly, among samples positive for both mRNA and activity, there was no obvious quantitative interdependence between the two variables. Based on telomerase activity, approximately three subgroups of cultures could be identified, ranging from undetectable to intermediate to high level (defined by densitometry using an internal standard), with no apparent correlation with pathologic stage or Gleason score of the tumor of origin (see Table 1 ). Importantly, high levels of telomerase did not result in extension of cell life span.
Reactivation of hTERT and enzymatic activity has been proposed as a ''diagnostic'' marker in prostate cancer because it seems to be an early event in prostate carcinogenesis (18) . Our results from a well-defined and selected population highly enriched in the epithelial phenotype confirm the usefulness of this marker in distinguishing between normal and tumor phenotypes.
Phenotype of Primary Prostate Epithelial Cell Cultures
Each normal epithelial cell type has a specific pattern of cytokeratin expression, which can be used as a differentiation marker (19) . Cytospins of cultured cells were analyzed by immunocytochemistry using antibodies against several common prostate epithelial or stromal markers. The results were compared with the immunostaining pattern of commercial PrEC, a well-characterized transiently amplifying, basaloid population that exhibits partial secretory differentiation when reaching senescence (20) . All cultures derived from tumors stained positive for the luminal cytokeratins CK8 ( Fig. 2A ) and CK18 (data not shown), AR, and PSA but were negative for p63 and HMwCK ( Fig. 2A and C) , a pattern consistent with a luminal/secretory phenotype. Consistent with the homogenous expression of epithelial markers, no staining was detected for the stromal markers vimentin or a-smooth muscle actin ( Fig. 2A) . Interestingly, expression of AR protein and PSA mRNA were modulated by treatment with DHT or the synthetic androgen (R1881), indicating that hormonal responsiveness was preserved (Fig. 2B) . As expected, PrEC cells were positive for HMwCK and p63, weakly positive for CK8 ( Fig. 2A) , and negative for CK18 (data not shown), AR, and PSA ( Fig. 2A and C, respectively) . Nuclear estrogen receptor-h expression was seen in normal and transformed epithelial cells as well as in the original tissues, whereas estrogen receptor-a was not detectable (data not shown). Of note, all these markers were preserved in immortalized cell lines we derived from primary cultures by transduction of both hTERT and SV40 T antigen genes. 7 Thus, the overall concordance of expression patterns between original tumors and cultured cells derivatives suggests that the phenotype of the tumor is preserved in vitro.
To date, no isolation of cells with all of the appropriate differentiation markers has been reported on such large scale, because most available culture models (21-23) consist of basal or transit amplifying cells. Gene Expression Profiling: Normal versus Prostate Cancer -Derived Cells RNA was isolated from 22 tumor cultures and hybridized to Affymetrix Human U133A GeneChip arrays (Affymetrix, Inc., High Wycombe, United Kingdom). Because cultures representing matched case-controls could not be generated from normal prostate tissue adjacent or contralateral to the lesion, cultures derived from normal/hyperplastic tissues (N1, C10, C17, and C16sx) with a prevalent luminal phenotype and from normal prostate epithelial cells with the basal phenotype (PrEC) were used as controls.
Comparison of control versus tumor-derived populations (prostate cancer) was done using two different approaches for significance adjustments: Significance Analysis for Microarrays (SAM) and Max T test. In addition, Prediction Analysis for Microarrays (PAM) was used to classify categories and identify genes associated with prostate cancer (see Materials and Methods). The results from all three analysis, when compared, identified 89 common genes that were differentially expressed and discriminated between cancer and normal samples (Fig. 3A) . Cluster analysis of these genes emerging from the intersection of PAM, SAM, and Max T test is shown in Fig. 3B . Among and telomerase activity in cell strains. Extracts from normal/hyperplastic and tumor derived cells (prostate cancer) were assayed for telomerase activity (5) by telomeric repeat amplification protocol (TRAP ) assay in the presence of an internal control. Total activity was quantified by integrating the signal of the telomerase ladder, and relative activity was calculated as ratio to the internal standard. hTERT mRNA level (columns) was determined by qRT-PCR as described in Materials and Methods. the most differentially expressed transcripts ( Fig. 3B ), some were up-regulated in tumors [e.g., IGFBP5, IGFBP3, KRAS2, hTERT, two other molecules involved in telomere biology, TRF2 and TRF2IP (hRap1), and TNFAIP6], whereas others were down-regulated [e.g., E-cadherin (CDH1) and P-cadherin (CDH3)]. The expression of a subset of genes with the highest score was also validated by qRT-PCR (Fig. 3C ). Among these, the serine/threonine kinase AKT/protein kinase B (AKT1), a key regulator of cell survival with a known role in prostate carcinogenesis (24) , was highly overexpressed. We exploited this finding to investigate the role of AKT1 in the survival of seven prostate cancer -derived cells expressing high level of the wildtype protein and three normal/hyperplastic control cells. As shown in Fig. 3D , after infection with the AdAKTdn and on serum starvation, significant levels of apoptosis were detected in 6 of 7 prostate cancer -derived but not in control cell cultures. Table 3 ) derived from PAM and SAM intersection analyses done for the two groups of patients defined by recurrence status (see Table 2 ). C. Comparative qRT-PCR analysis of genes derived from intersected PAM/SAM or GO. Expression levels of the 22 prostate cancer -derived samples (G1 and G2 groups as in B) as in Fig. 3C . D.
g-H2AX protein expression was analyzed by immunohistochemistry (magnification, Â10 and Â40) on paraffin-embedded samples from an independent cohort of prostate cancer patients. Patients were divided in two groups according to their prognosis (poor or good). Bottom, table representing the distribution of patients according to g-H2AX phosphorylation levels. RFS, relapse-free survival.
Gene Profiling in Tumor Cell Populations
An additional important goal of our study was to find biomarkers that might predict disease outcome and biological response to therapy. To this end, we restricted the bioinformatic analysis to tumor-derived cell populations. Unsupervised cluster analysis of the 22,500 transcripts (displayed as a dendogram in Fig. 4A ) divided the samples into two main groups.
Interestingly, samples derived from patients with poor outcome were clustered in the same group (Table 2) . Further, a clear correlation was found between the transcriptional profile of the tumor cell strains and the clinicopathologic features of the original tumors, particularly with the pathologic stage, pT 3a/b (extraprostatic extension and/or seminal vesicle invasion) and T 2a-c (organ-confined disease), for the group with worse and better outcome, respectively.
We therefore did supervised SAM and PAM analyses of the groups defined by recurrence status to identify a prognostic expression signature. SAM/PAM intersection analysis resulted in 70 overlapping genes (listed in Table 3 ) out of 98 or 103, respectively. Cluster analysis of these genes also confirmed the presence of two main groups (termed G1 and G2 in Fig. 4B ) similar (or substantially overlapping) to the groups defined by recurrence using supervised methods. Interestingly, the recurrence transcriptional profile, shared by two patients (13 and 43), which still exhibited the variables of an organ-confined disease, potentially allows to predict the worst outcome with a probability of 99% (Fisher's exact test). This may suggest that the epithelial-enriched gene profile represents an additional variable for the identification of tumors with poor prognosis based solely on tumor extension.
The prognostic expression signature revealed that, compared with the G2 group, G1 samples exhibit lower expression of genes involved in regulation of mitotic spindle elongation (e.g., PRC1) and in sensing DNA damage (e.g., H2AX). In contrast, a subset of genes usually associated with higher rate of proliferation, such as RPS20, MED6, POLM, and POLL, were overexpressed in G1 samples (Tables 3  and 4) .
We next dissected in silico the functional class(es) of genes that mostly contribute to the G1 versus G2 signature. As shown in Table 4 , the genes differentially expressed in the G1 cluster belong to many biological networks, among which the most relevant are (a) DNA replication, recombination, and repair; (b) RNA polymerase II transcription factor activity, and (c) positive regulation of cytosolic calcium ion concentration. Moreover, compared with the G2 cluster, the G1 signature showed relative lower expression of well-characterized genes, among which tumor suppressors, such as p53 (TP53) and Rb (RB1), and genes involved in the apoptosis pathway, such as CASP9 and CYCS. Some of the most relevant genes emerging from the bioinformatic analysis (either SAM, PAM, or GOAL methods) were analyzed by qRT-PCR (Fig. 4C) . Expression of 15 of 17 genes examined was found statistically different between the two clusters, thus confirming the accuracy of the microarrays analysis.
To validate in vivo the prognostic signature emerging from the cell populations, immunohistochemistry analysis was done on tissue samples derived from ours and from an independent set of 20 patients (17 with diagnosis of prostate cancer and 3 with benign prostatic hyperplasia; as detailed in Materials and Methods) exhibiting clinicohistopathologic features similar to our original cohort. The expression level of one of the most significant genes emerged from the transcription profile, histone H2AX, was evaluated in both cohorts with respect to the poor and good prognosis defined as relapse-free survival. Expression of the phosphorylated form of H2AX (g-H2AX) was discriminating for the two groups of patients with distinct outcome both in our study (data not shown) and, as shown in Fig. 4D , in the independent retrospective cohort with a prolonged follow-up (12-14 years) . No g-H2AX staining was observed in the normal/hyperplastic samples (data not shown). The differential expression of g-H2AX detected in the good and poor outcome groups provides a clear correlation between in vitro and in vivo data. These findings are promising, as they support the possibility that the expression pattern of individual genes may contribute in the future to optimize patients' stratification and prognosis.
Discussion
We have developed an ex vivo model that can be reliably used to define, at diagnosis, a prognostic signature based on gene expression profiling of short-term cultures of prostate carcinoma cells. The methodology we describe overcomes the heterogeneity of clinical samples commonly employed in gene profiling studies and provides sufficient material for detailed characterization of primary prostate tumors. Although primary epithelial cells are commonly cultured in defined medium with no or low serum, our cultures were isolated and maintained in 20% serum. This condition has been proven to greatly favor rapid outgrowth of tumor cells from fragments of prostatectomy specimens. These cells maintain the secretory phenotype of the original tumor. Specifically, they express PSA and AR, the most relevant differentiation markers of the luminal compartment of prostate epithelium, and maintain androgen responsiveness ( Fig. 2; data not shown). This immunophenotypic concordance with tumor tissue was preserved also in immortal lines derived from the primary cells, a feature that greatly facilitates their use as indicators of tumor responsiveness to treatment. In conclusion, our cultures represent a powerful experimental system for the study of primary prostate cancer biology with relevant clinical implications.
From the prostate cell lines, we obtained an epithelialrestricted gene expression profile. These signatures reliably and consistently differentiated between cells derived from normal tissue and from prostate cancer. Thus, the tumor transcription pattern is essentially maintained in culture. Previously, a similarity in gene expression profiling was noted between primary breast tumors and their epithelial cell derivatives (25) . Our analysis confirms the gene expression patterns of previous studies on prostate cancers (4, 5, 26) but also identifies additional genes whose expression is specifically altered in the secretory prostate epithelium (i.e., components of the telomere complex, such as hTERT, TRF2, and TRF2IP). In particular, the gene profile we describe allows stratification of cell lines (and thus of patients) and therefore the possibility of exploiting the cells for ex vivo targeted therapies as exemplified by our induction of apoptosis through functional inhibition of AKT (27) . Inhibitors of the phosphatidylinositol 3-kinase/AKT pathway are currently being evaluated as anticancer agents in prostate cancer clinical trials (28, 29), and other pathways could be similarly targeted with appropriate drugs. In this regard, among the 89 genes emerging from the intersection of the normal versus cancer analyses (Fig. 3) , we found a specific up-regulation of the HMOX1 gene in the cancer-derived population, confirming again a strong involvement of the phosphatidylinositol 3-kinase signaling and downstream effectors in prostate cancer, in agreement with previous reports (30) .
The clear distinction between tumor and normal samples prompted us to focus on the tumor cell populations to obtain information that would add to clinical and pathologic variables and thus help in selecting the most appropriate therapy and improve prognosis. The supervised bioinformatics analysis clearly highlighted two distinct transcriptional signatures. Of these, the one marking the G1 cluster (Fig. 4B) was specifically associated with a more severe clinical course of BUB3, BUB1, BUB1B, KIF4A, KIF22, BTG3, CCNB1, CCNB2, CCNG2,  CDK2, CDC2, TERF1, RAD21, CDC6, CDC25A, KNTC1, POLS,  ANAPC1 , CENPF, CNPE, CENPA, ZW10, ZWINT, MAP7, MAPRE1, SUMO3, STK6, KTNC2, PLK1 Membrane/integral to membrane/voltage-gated potassium channel complex/calcium-dependent cell-cell adhesion the disease within a follow-up ranging from 24 to 40 months (see Table 2 ). Indeed, we found a significant correlation between this transcriptional signature and the pathologic stage, particularly the extension of the lesion. Of note, two patients with organ-confined disease (patients 13 and 43; see Table 2 ) exhibit the signature of aggressive tumors. In this respect, the transcriptional profile we identified might help to predict recurrence in patients that do not display features of aggressive biological behavior as assessed by traditional clinicopathologic variables. With very few exceptions, what emerged from the gene profile restricted to the cancer-derived cells and from the qRT-PCR analysis of a set of genes with the highest discriminating score is a clear pattern of progressive down-regulation of expression that follows the progression of the disease. One of the striking features of the profile associated with poor prognosis is in fact a relatively lower expression of genes (identified by GOAL analysis; Table 4 ) belonging to families controlling cell cycle, mitosis, and DNA repair. Two recent studies (31, 32) have reported that the DNA damage response is activated in preneoplastic lesions and downregulated with disease progression and suggested that the initial activation of DNA repair represents one of the earliest barriers to cancer, such that loss of this pathway facilitates acquisition of malignant properties. Our findings agree with this concept. Indeed, the vast number of down-regulated genes involved in DNA damage sensing and repair, among which are ''early sensor,'' such as H2AX (Table 3 ; Fig. 4 ), indicates that these pathways are severely compromised or even abrogated in the G1 group. To our knowledge, this is the first evidence of a potential prognostic role of the H2AX expression in prostate cancer. Validation of these data on in vivo samples derived from ours and from an independent set of patients strongly supports this conclusion, although a prolonged follow-up for our cohort and analysis of additional genes belonging to the prognostic signature are required.
The G1 signature comprises also few up-regulated genes, among which are those that contribute to augment transcriptional activity (MED6) and promote cell proliferation (RPS20). The enhanced expression of MED6, confirmed also by qRT-PCR (Fig. 4C) , in the bad prognosis G1 group, compared with the G2 group, is particularly intriguing, because this gene is known to play a key role in the activation of the basal transcription machinery (33) . In agreement with previous gene profiling reports (34) , we found higher expression of EDNRA in the G1 compared with the G2 groups. This finding supports recent reports (28) that propose EDNRA antagonists, such as atrasentan, for therapeutic intervention in prostate cancer.
It is notable that within the G1 prognostic signature we observed induction of genes involved in the activation of cellular response to hypoxia, such as HIF1a, HIF2a (EPAS1), and HIF1b (ARNT ; Tables 3 and 4) . Because tumor hypoxia and overexpression of the hypoxia-inducible factors pathway have been associated with resistance to certain therapies (35) , the information deriving from our prognostic signature acquires an additional value in terms of optimization of patient stratification and outcome-prediction.
In conclusion, short-term cell cultures derived from primary prostate tumors yield sufficient material that is devoid of contaminating nonepithelial cells and is amenable to extensive molecular characterization. This methodology may lead to the further identification and refinement of expression signatures that may guide therapeutic options in prostate cancer.
Materials and Methods
Tissue Samples
Fresh samples of tumoral, hyperplastic, and normal prostate tissues were obtained after informed consent from 49 patients undergoing radical prostatectomy for clinically localized prostate cancer, 2 patients undergoing transurethral resection of the prostate for benign prostatic hyperplasia, and 8 patients undergoing cystoprostatectomy for bladder carcinoma. None of the cancer patients had received neoadjuvant hormonal treatment or radiotherapy. Surgical specimens were dissected from a qualified pathologist within 1 hour of surgery and used for histopathologic examination, Gleason score evaluation, and immunohistochemical staining. Staging was done in accordance with the International Union Against Cancer 2002 tumor-node-metastasis system. 8 Small tissue samples were used to isolate primary cell cultures, and frozen sections were used to confirm the diagnosis of each specimen. Clinical and pathologic characteristics of patients and surgical specimens are illustrated in Table 1 . A retrospective analysis was done on an independent cohort of 20 patients (17 Prostate cancer and 3 benign prostatic hyperplasia) that had undergone radical prostatectomy at the Urology Division, Regina Elena Cancer Institute, between September 1991 and December 1993. These patients represent a homogenous group with clinical and histopathologic variables comparable with those of our study cohort and were selected using the same exclusion criteria. Their characteristics are as follows: age range, 41 to 73 years; PSA range, 5.6 to 12.3 ng/ mL; Gleason score range, 6 (3 + 3) to 10 (5 + 5); and tumornode-metastasis range, pT 2b -pT 3b , according to International Union Against Cancer 2002.
Primary Cultures
Horizontal sections (5 mm thick) of prostate tissue were transported to the laboratory in ice-cold Iscove's modified Dulbecco's medium (Invitrogen, Carlsbad, CA) supplemented with 20% fetal bovine serum (Hyclone, Logan, UT) and glutamine, and cultures were started within 2 to 3 hours of surgery. Prostate samples were chopped into small fragments of 1 to 2 mm 3 with sterile scissors and placed in 35-mm dishes containing growth medium. The explants were incubated at 37jC in a humidified 5% CO 2 atmosphere to allow attachment to the culture dish (1 week) and epithelial cell growth. As cells reached confluence, they were detached by both trypsin/EDTA mixture and mechanical means and passaged at a split ratio of 1:4. At near confluence, cells aliquots of the primary cultures were frozen and stored in liquid nitrogen. For serial passages, routine trypsinization was used and the split ratio of the cells was 1:4.
Cell Lines
Prostate epithelial cells (PrEC) were cultured according to the manufacturer's protocols (Cambrex BioScience, Verviers, Belgium). Human prostate cancer cell lines (LNCaP) were cultured in RPMI 1640 supplemented with 10% fetal bovine serum (Invitrogen), 4.5 g/L glucose, and 0.1 mol/L HEPES. Human primary fibroblast were cultured in DMEM with 10% donor serum (Invitrogen).
Soft Agar Assay
Cells (2 Â 10 5 ) were resuspended in 1 mL of 0.4% agar Noble (Difco Laboratories, Kansas City, MO) in complete Iscove's modified Dulbecco's medium and seeded into to 35-mm dish coated with 0.6% agar Noble in the same medium. Every 3 days, 0.5 mL fresh medium was added. After 2 to 3 weeks, cells were stained with 0.4 mg/mL neutral red, and anchorage-independent growth was assessed by counting colonies of >200 Am in diameter.
Clonogenicity Assay
Cells (n = 200) were seeded in duplicate in six-well plates in complete Iscove's modified Dulbecco's medium. After 7 to 14 days, cells were fixed and stained with 0.5% crystal violet and colonies were counted.
Fluorescence In situ Hybridization Analysis
The procedure for fluorescence in situ hybridization has been described previously (36) . Briefly, the Vysis (Downers Grove, IL) ProVysion multicolor mixture was used for detection of AR (Xq12), EGFR (7p12), PTEN (10q23), NKX3.1 (8p22), and MYC (8q24) genes, and chromosome numeration probes specific for X, 7, 8, and 10 chromosomes were used to adjust for aneuploidy and to establish the presence of deletions/ amplifications. Centromeres and specific gene regions copy numbers were counted in at least 100 cells. The ratios between specific-gene and centromeric copy number were calculated to establish the presence of amplified (AR, MYC, and EGFR) or deleted (PTEN and NKX3.1) genes.
Telomeric Repeat Amplification Protocol Assay
Cell extracts were assayed for telomerase activity by the telomeric repeat amplification protocol (37) . Telomerase activity was normalized to an internal standard and quantified by densitometric analysis with NIH Image J. 24 software as described (38) .
Whiskers indicate minimum and maximum values, excluding the outliers that are directly depicted in each graph.
Antibodies
The following monoclonal antibodies were used: 34hE12 anti-HMWCK, 28A4 anti-PSA, 6F11 anti -estrogen receptor-a, and PPG5/10 anti-estrogen receptor-h (all from UCS Diagnostic S.r.l., Rome, Italy); 35hH1 anti-CK8, AR441 anti-AR, V9 anti-vimentin, and 1A4 a-smooth muscle actin (Dako, Carpinteria, CA); 4A4 anti-p63 (Neomarker-LabVision Corp., Carpinteria, CA); anti-phospho-histone H2AX, Ser 139 (Upstate, Lake Placid, NY).
Immunoperoxidase Assay on Tissue Samples and Cell Cultures
Sections (5 Am) of paraffin-embedded tissues were deparaffinized and rehydrated in decreasing ethanol concentrations. Antigen retrieval was done by heating at 96jC for 15 minutes in 10 mmol/L citrate buffer (pH 6.0). Endogenous peroxidase was quenched with 3% H 2 O 2 in 60% methanol, and nonspecific binding was blocked by a 10-minute incubation with normal serum (ScyTek Laboratories, Logan, UT). Samples were then incubated with the primary antibody for 1 hour in a humidified atmosphere. Detection steps were done using the UltraTek HRP kit (ScyTek Laboratories), and peroxidase activity was localized with 3,3V -diaminobenzidine/H 2 O 2 substrate (Dako). Slides were counterstained with hematoxylin, rehydrated, and mounted for microscopic examination. Immunocytochemical analysis was done on cytospins (400 rpm for 5 min) fixed for 30 minutes in formalin. Cells were treated and immunoperoxidase stained as described above for tissue sections. PSA immunostaining was done on cells grown on chamber slides (Lab-Tek, Naperville, IL).
Gene Expression Profiling
Total cellular RNA was isolated by using RNeasy kits (Qiagen, Germantown, MD). Preparation of labeled cRNA and hybridization (GeneChip Human Genome U133A 2.0 Array; Affymetrix) was done according to the Affymetrix GeneChip Expression analysis manual. Microarray data have been deposited in the Gene Expression Omnibus under accession no. GSE3868 (submitted by A. Farsetti).
Data Analysis
Affymetrix GeneChip scanning was analyzed by customized R language -based script (see http://www.r-project.org) using the Bioconductor packages (see http://www.bioconductor.org) for quality-control analysis, data normalization, hierarchical cluster, and identification of differentially expressed transcripts. Specifically, the gcrma package was used for chip normalization and background correction; the vsn package provided calibration and transformation of the probe intensities to evaluate the within-group and between-group variabilities. The genefilter package was used to separate genes with high variance according to the interquartile range method. Unsupervised two-way (genes against samples) hierarchical clustering method using the about (3,000) probe set of our data set, previously filtered, was used to test the internal consistency, to explore the relationship among samples, and to check if the individual samples clustered together according to their features. The unsupervised cluster analysis was followed by two similar tests, SAM and mt.MaxT function (Max T test), to identify genes that distinguished between two categories (normal versus cancer and/or recurrent versus nonrecurrent) and by PAM to classify categories and to identify genes that best characterize each class. SAM analysis was done using the R package ''samr'' as described previously (41) . The list of ranked genes obtained was 203 genes in normal versus cancer (d, 1.098; false discovery rate, 0.046) and 98 genes in recurrent versus nonrecurrent (d, 1.338; false discovery rate, 0). Max T test was done in the Multtest package, module of Bioconductor R, according to the Westfall and Young method (42) . PAM R supervised class prediction package was done as described in ref. 43 . The performance of computational algorithm was tested by the k-fold cross-validation procedure for estimating generalization error based on resampling as described (44, 45) . Regulated biological processes and molecular functions were identified by the GOAL Web-based application (46) and the Unigene Build 154 according to the Gene Ontology (GO; http:// www.geneontology.org) Consortium classification. Briefly, for each GO term(s) associated to the Unigene cluster in the expression tables, mean t score from the t scores of each corresponding Unigene cluster was calculated. The Unigene clusters t scores were averaged when more genes were present for a single Unigene cluster. To provide a Ps for each GO term and false discovery rate, bootstrap analysis (44, 45) was done on data set generating a bootstrap resampling up to 1.25 Â 10 6 total data. GO terms with Ps < 0.01 were considered differentially regulated. False discovery rate was calculated as described (47, 48) . In particular, with a bootstrap of 25 cycles (for a total of 4.5 Â 10 5 generated t score), the false discovery rate was 0.013 for up-regulated and 0.040 for down-regulated terms.
Adenoviral Infection and Terminal Deoxunucleotidyl Transferase -Mediated dUTP Nick End Labeling Assay
Replication-deficient recombinant adenovectors encoding the cDNA for human AdAKTdn (49) or no gene (AdNull) were prepared as described (50) and used at a multiplicity of infection of 50 plaque-forming units/cell. After infection, cells were starved in serum-deprived medium for 48 to 96 hours. Cells (f4 Â 10 4 ) were cytocentrifuged onto glass slides and cytospin preparations were incubated for terminal deoxunucleotidyl transferase -mediated dUTP nick end labeling reaction (Boehringer Mannheim Italia S.p.A., Milan, Italy) and counterstained with Hoechst. Apoptosis was quantitated by determining the percentage of terminal deoxunucleotidyl transferase -mediated dUTP nick end labeling -positive cells within a field of view at a magnification of Â40. A total of 20 randomly chosen fields were counted for each slide and total counts were averaged to obtain the apoptotic index.
Statistical Analysis
Differences among subject groups were assessed by ANOVA, Student's t test, Mann-Whitney test, and Fisher's exact test. A 95% confidence interval (P < 0.05) was considered significant.
